The studies of transport and optical properties of GaAs implanted with high arsenic doses were performed. As-implanted samples showed hopping conductivity and the exponential absorption tail in the near-IR region. Both effects were probably caused by the amorphization of implanted layer. Using EPR measurements it was found that arsenic antisite defect with high local strain field was created during implantation. Annealing of implanted layers at 600°C led to substantial removal of amorphization, decrease in absorption coefficient and hopping conductivity leading to resistive samples. The possible model of such behaviour may be similar to the one of suggested for low temperature GaAs layers. One of the recent attractive semiconductor material for electronics and optoelectronicS is GaAs grown by molecular beam epitaxy at lower than normal substrate temperatures, about 200°C. Grown at such low temperatures GaAs crystals (low temperature GaAs -ŁT GaAs) contain large amount of excess arsenicup to 1.5%, which is found in antisite and non-regular interstitial positions [1, 2] . Subjected to annealing at 600°C LT GaAs eliminates backgating when used as buffer layer in metal-semiconductor field-effect transistors and shortens response time in photoconductive switches and photodetectors down to few tenS of picoseconds [3] [4] [5] . Although the mechanism of high resistivity and fast recombination of photocarriers in LT GaAs annealed at 600°C haS not found a definite explanation
One of the recent attractive semiconductor material for electronics and optoelectronicS is GaAs grown by molecular beam epitaxy at lower than normal substrate temperatures, about 200°C. Grown at such low temperatures GaAs crystals (low temperature GaAs -ŁT GaAs) contain large amount of excess arsenicup to 1.5%, which is found in antisite and non-regular interstitial positions [1, 2] . Subjected to annealing at 600°C LT GaAs eliminates backgating when used as buffer layer in metal-semiconductor field-effect transistors and shortens response time in photoconductive switches and photodetectors down to few tenS of picoseconds [3] [4] [5] . Although the mechanism of high resistivity and fast recombination of photocarriers in LT GaAs annealed at 600°C haS not found a definite explanation yet, the considered models appreciate the importance of high excess of arsenic in this non-stoichiometric material. The Still discussed question is whether arsenic antisite defects or arsenic precipitates emerging during annealing are important for the properties of annealed LT GaAs. The aim of the presented paper was to create non-stoichiometric GaAs using implantation with high doses of arsenic ions and compare its properties with those of LT GaAs. The behaviour of implanted GaAs under annealing at 600°C was of special interest.
Semi-insulating GaAs wafers were used as a starting material for implantation with arsenic ions. The implantation with doses between 10 13 to 1016 As ions/cm2 was performed using Tandem Ion Implanter at the Australian National University. Annealing of implanted GaAs pieces was done under arsenic overpressure in a chamber of metallo-organic chemical vapour deposition system. Annealing time was 10 minutes. Additionally, the pieces of the sample implanted with 10 16 As ions/cm 2 were annealed for 1 and 2 hours.
Electron paramagnetic resonance (EPR) experiments were performed using Bruker ESP-300 X-band spectrometer. A helium gas-flow Oxford Instruments cryostat was used for variable temperature operation from 4 K up to 300 K. Hlumination of samples was performed with a 150 watt tungsten-halogen lamp. Absorption measurements were performed using Varian Cary 5 double beam spectrophotometer. The samples were mounted in the Air Products closed cycle helium refrigerator allowing the measurements at temperature range of 10 to 300 K. Resistivity measurements were performed using a computerised setup with a picoammeter allowing for conductivity measurements with passing currents down to 1 pA.
The EPR quadruplet ascribed previously to AsG a defect [6] was observed in GaAs samples implanted with doses of 10 14 As ions/cm2 and higher. The characteristic feature of the signal was the lack of saturation in the temperatures below 10 K, similarly to what has been reported for n-irradiated GaAs [7] and in opposite to observation in as-grown bulk material for which EPR śignal has maximum at about 10 K. Moreover, no EPR signal was observed from control substrate sample of the same dimensions. This means that the implanted layer was the only source of the EPR signal in the experiment. The amplitude of the AsG a quadruplet increased with the implantation dose. In all the samples it was not sensitive for white light illumination. Annealing at 600°C led to decreaSe in EPR signal amplitude. It was observable only for samples implanted with doses greater than 5 x 10 15 As ions/cm2 and was about three times smaller than before annealing.
Absorption spectra of all implanted samples (doses ranging from 10 13 to 1016 As ions/cm2 ) Showed an exponential tail in near-infrared (near-IR) region starting from photon energy of about 0.85 eV and extending up to GaAs absorption edge (Fig. 1) . The absorbance values measured between 0.85 and 1.5 eV increased with the increase in implantation dose. About 2% of the observed absorption band could be quenched after white light illumination. Shape of the quenched absorption corresponded to the characteristic absorption of main GaAs defect, EL2 (arSenic antiSite in neutral charge state). Using control non-implanted sample it was checked that the EL2 absorption comes from the Starting semi-insulating (SI) GaAs crystal. The remaining dominant part of the absorption spectrum originated from the implanted layer and was not quenchable with light. Starting from 400°C, annealing of the implanted samples led to the gradual decrease in the exponential near-IR absorption tail.
Electrical transport measurements showed the decrease in resistivity of as implanted samples with increase in the implantation dose. The shape of temperature dependence of conductivity is characteristic of hopping type: for temperatures above 150 K the conductivity is described by equation: v = v03 exp(-e3/kT) (Ttemperature). The hopping activation energy e3 is about 0.08 eV for all measured samples. Below 140 K Mott's law: v = 6 '04 exp[-(T/T0 ) 1 /4] is fulfilled. Annealing of implanted samples led to decrease in conductivity (Fig. 1) . All implanted samples but the one implanted with the highest dose of 10 16 As ions/cm 2 showed the minimum of conductivity when annealed at 600°C. The sample implanted with 1016 As ions/cm2 dose had slight minimum for annealing temperature of 500°C, its conductivity decreased by less than order of magnitude, and then started to increase again for higher annealing temperatures. The conductivity of this sample annealed at 700°C was more than an order of magnitude higher than for as-implanted one. Samples implanted with doses between 5 x 10 13-10 14 As ions/cm 2 showed the highest decrease in conductivity (by more than three orders of magnitude) when annealed at 600°C in comparison with the conductivity of as-implanted sample. The conductivity of the samples implanted with doses lower than 5 x 10 13 As ions/cm2 changes less with annealing temperatures in comparison with the samples implanted with higher doses.
The excess arsenic incorporated in GaAs crystals during implantation is partially found in form of arsenic antisite defect as 8een from EPR measurements. The EPR signal of arsenic antisite defect created during implantation had features similar to the one of arsenic antisite in defected crystals: n-irradiated [7] or plastically deformed. The lack of saturation and quenchability at low temperatures has been previously connected with high local strain field of AsG a defect [8] . The strain field resulted most probably from damage created during implantation [9, 10] . It has been determined from the independent channelling studies that for implantation doses used in the experiment, amorphization of GaAs implanted layer takes place indeed. The observed exponential tail of the near-IR absorption spectrum and hopping conductivity is also due to the amorphization. Annealing of the implanted layers led to the gradual recrystallization of the amorphised layer and therefore, the exponential tail together with the hopping conductivity decreased with annealing. Arsenic antisite defects created during implantation partially annealed out at 600°C and simultaneously the resistivity of implanted layers increased. Similar behaviour was observed for LT GaAs layers. Arsenic antisite defect present in those layers in concentrations up to 10 20 cm-3 was found to anneal down to concentration about 10 18 cm-3 at temperature of 600°C. It was shown that arsenic precipitates are created during such annealing and arsenic antisite is most probably accommodated within them. On the other hand, it waS found that LT GaAs annealed at 600°C increased its resistivity in comparison with as-grown layer which had hopping conductivity [11] . This high resistivity was linked with either the presence of arsenic precipitates or -according to competitive models -with arsenic antisite defects of still high concentration -about 10 18 cm-3 . It is too early to judge which of the above mechanisms is decisive in the case of annealed implanted layers but the similarity of behaviour of annealed implanted layers to LT GaAs behaviour is not questionable. EPR studies of implanted layers show that neutral charge state of arsenic antisite defect is not populated. Also no absorption due to the neutral charge state was obServed. Therefore, the implantation process must lead to creation of acceptor defects besides of arsenic antisite defects and concentrations of both of them must be similar. It is difficult to say anything about the nature of the created acceptor defects since no EPR signal beSides the one due to arsenic antisite was observed.
